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SYNCHRONOUS FILTER FOR VOR SYSTEMS
BACKGROUND OF THE INVENTION

This invention relates generally to aircraft navigation
systems and more particularly to an interference sup-
pression circuit for use in airborne VHF Omnirange
(VOR) receivers.

In general aviation, the standard navigation system is
a VHF Omnirange network, commonly referred to as
VOR, wherein the pilot of an aircraft can determine his
bearing with reference to the location of selected VOR
transmitters. The transmitters at various geographical
locations operate on different VHF carrier frequencies,
but each conveys a pair of 30-Hz signals which, when
received by the aircraft, provide an indication of the
angular position of the aircraft relative to the particular
transmitter by means of the phase relationship of the
signals. Ordinarily, one of the 30 Hz signals is estab-
lished as a phase reference signal and is frequency
modulated upon a subcarrier having a nominal fre-
quency of 9960 Hz, the subcarrier in turn being ampli-
tude modulated upon the VHF carrier. The VOR sta-
tion also transmits a CW radio signal through a rotating
directional antenna such that a 30 Hz AM signal 1s
provided in space at the receiving aircraft. This AM
signal has a varying phase for each degree of bearing
away from a reference bearing chosen for the station.
The reference bearing is due North. An aircraft receiv-
ing both the AM and FM signals contains a phase de-
tector which detects the phase difference between the
30 Hz modulation carried by the AM and FM signals.
This phase difference is measured in degrees and is a
direct indication of the bearing of the aircraft relative
to the reference phase of the VOR station.

In order to ensure that accurate bearing indication is
obtained, it is essential that the airborne receiver pre-
cisely measure the phase relationship between the ref-
erence FM signal and the rotating AM signal. Un-
wanted interference signals occurring close to the fre-
quency of interest, or harmonics thereof, must be fil-
tered to ensure that accurate phase comparisons are
made, without slowing the display of bearing informa-
tion to an unacceptable degree. Prior art VOR receiv-
ers, such as the circuit disclosed by Lundgreen et al in
U.S. Pat. No. 3,386,096 have employed phase lock
loops to achieve this, but this can introduce variable
phase errors because of the inherent nature of the de-
vices.

SUMMARY OF THE INVENTION

The disclosed filter circuit employs a switching-type
synchronous filter to filter the 30 Hz AM channel signal
of the VOR receiver. A phase lock loop is employed in
the FM channel to maintain the synchronous filter in
frequency lock with the 30 Hz FM reference signal.
The switching input signal for the synchronous
switched filter is derived from the FM channel in such
a manner that the center frequency of the synchronous
filter tracks any change in center frequency of the
transmitted signal. The band width of the synchronous
switched filter is narrow to provide a high degree of
rejection of unwanted interference signals occurring
close to the desired frequency. A fast time constant 1s
employed in the phase lock loop on the FM channel to
allow the synchronous filter to follow rapid excursions
of frequency of the reference signal.
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Accordingly, it is a primary object of this invention to
provide a filter circuit which provides a high degree of
unwanted signal rejection in the AM channel, without
affecting the ability of the system to respond quickly to
changes in the setting of the omnirange bearing selec-

tor.

It is another object of this invention to provide a filter
circuit which will track an FM reference signal which
jitters rapidly in frequency.

It is another object of this invention to provide a filter
circuit for a VOR receiver which does not introduce
phase distortion in the filtered signals.

These and other objects of the invention can be
readily ascertained by reference to the appended de-
scription and figures.

DESCRIPTION OF THE DRAWINGS

FIG. 1 shows in block diagrammatic form an illustra-
tive embodiment of the present invention;

FIG. 2 illustrates a switched synchronous filter opera-
ble in accordance with the embodiment of FIG. 1; and

FIG. 3 shows a waveform illustrating operation of the
principles of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Before discussing the specifics of the preferred em-
bodiment, it will probably be helpful to outline the
systems design considerations which lead to the selec-
tion of a switched synchronous filter for the 30 Hz AM
channel. Basically, the problem is that of achieving a
narrow bandwidth in the AM channel, to filter out
unwanted interfering signals, while maintaining ade-
quate response to changes in the omnirange bearing
selector (OBS) setting, and an ability to maintain lock
on VOR composite signals wherein the reference mod-
ulation may be varying slightly.

If an RF signal of carrier frequency o, containing a
VOR 30 Hz AM signal modulated 30% is itself ampli-
tude modulated 20% by an interfering signal o, the
result can be expressed as:

f(1) = (1 4+ 0.20 cos wt) (1 + 0.30 cos w3,T) COS @ T
= (1 + 0.20 cos wr + 0.30 cos wzyr + 0.06 cos wt
COS WgoT) COS W,T

After linear demodulation and multiplication by sin
w7 IN a phase comparator

g(7)=0.10 sin (w3 + )7+ 0.10 sin (W3g—w)7T+0.15
sin 2wzt + 0.015 sin (2wge+ @)7+ 0.015 sin (2w,
- W)T |

The first two terms represent the phase comparator
output for the unwanted modulation, the third term is
the VOR indication at null, and the last two terms are
intermodulation products. Higher order terms will be
present in the output of practical phase comparators;
however, their magnitude is sufficiently below the de-
sired products that they may be ignored. When passed
through a low-pass filter to suppress frequencies of w;,
and higher, this becomes

h(t) = 0.10 sin (w3 — )7+ 0.015 sin (23 — )7

The first term creates low frequency interference
when o is close to 30 Hz, and the second term when w
is close to 60 Hz.

Assume, for example, that it is desired to design a
VOR receiver such that the bearing indicator will be
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iccurate within 1° when operating in the presence of an
nterfering signal w of frequency 29.5 Hz. One way of
ichieving this is to attenuate the 29.5 Hz interference
ignal prior to phase comparison. To determine the
:xact amount of attenuation required, it is necessary
irst to find the scale factor of the indicator. If the
iriginal VOR signal has a phase shift of ¢, then the

hird term in the expression for g(7) becomes the two
erms |

+ 0.13 sin (Zwyyr + @) — 0.15 sin ¢

vhere the second term is the true left-right indication.
‘or ¢ = 1° this term has a magnitude of —0.00262. The
indesired signal represented by the first term in A(7)
1as an amplitude of 0.10. Therefore, to reduce this to a
evel corresponding to 1° requires attenuation by a
actor of 0.0262. This is expressible as —32 db.

To achieve the required degree of filtering, without
dversely affecting the bearing response time of the
ndicator, it can be shown that the optimum circuit is a
yand-pass filter in the AM channel which appears like
| first-order system with a time constant of about two
econds.

There are several methods by which a relatively
harp first-order band-pass filter can be constructed.
rior Art VOR receivers, such as that disclosed by
-undgreen et al in U.S. Pat. No. 3,386,096, employ
hase lock loops in both the FM and AM channels. The
1se of a phase lock loop, however, can introduce a
hase error in the system, due to the variance of offset
oltage of the devices with changes in temperature,
ince the devices involve some form of integration.

The selection of a synchronous switched filter offers
1gnificant advantages. It introduces zero phase shift at
he center frequency of the filter, which ensures high
iccuracy for the system. Further, the center frequency
f the switch filter is varied by the switching signal, as
lescribed 1n detail below, with a result that the filter
yjperates over a wider frequency than its fixed 3 db
randwidth. |

FIG. 1 1s a block diagram of the filter circuit of this
nvention. The recovered 30 Hz FM channel signal is
ed to a phase lock loop (shown within the dashed line)
hrough a lowpass amplifier 1. The voltage controlled
iscillator §, runs at 300 Hz. The output of VCO § is
pplied to a frequency divide by 10 commutator 6,
vhich provides a 30 Hz input to phase detector 2, and
Iso supplies 10 outputs to 10 FET switches so that
ach switch is closed for 1/10 of a 30 Hz period. The
en switches are connected to ten capacitors (see FIG.
) which store the average value of the signal present
shen the switch 1s closed, as shown in FIG. 3. This
esults In a ten-step approximation to the input 30 Hz
ignal which is filtered by filter 9 to recover the 30-Hz
undamental.

FIG. 2 illustrates the circuitry of the conventional
witched synchronous filter. This circuit operates as
ollows:

Operational amplifier 1 amplifies the 30 Hz AM
1put signal, and applies it through R13 to each of the
>n 1dentical RC networks, which are individually con-
rolled by switches S, through S,,. The RC time con-
tant of the circuit, and hence the bandwidth of the

Iter, can easily be changed by changing the value of
13.
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Each capacitor 1s turned on by 1its associated switch 635

uring 1/10 of the period of the 30 Hz signal. The
witches are activated by individual outputs from the
requency Divide By 10 Commutator 6.

4

When the capacitors C, — C,, are activated, they
charge up to an average value, which appears at the
output of isolation amplifier 2. This output is then ap-
plied to an output filter (not shown) to remove the 300
Hz components from the output of the snychronous
filter. The use of a synchronous switched filter in the
AM channel, coupled to a fast time constant phase lock

loop in the FM channel, offers significant system ad-
vantages. The ground station transmitting the compos-

ite VOR signal is so designed that the 30 Hz FM signal

and 30 Hz AM signal change frequencies simulta-

neously. Regulations require that this frequency be
maintained within one percent, but, in practice, excur-

stons of as much as 0.5 Hz have been observed when a

ground station goes to standby power. Also, when oper-

ating under emergency power the frequency jitter of
the ground station is so great that a phase lock loop
with a long time constant is unuseable.
For such rapid and extreme changes of the 30 Hz
rate, the system of the present invention reacts quickly
and effectively. The phase lock loop rapidly locks to
the new frequency and this changes the switching rate
in the synchronous filter. This changes the center fre-
quency of the synchronous filter without requiring a
significant change in the distribution of charges on the
ten capacitors. Therefore, the speed of response to
such changes 1s dependent on the time constant of the
fast phase lock loop in the FM channel rather than the
longer time constant of the synchronous filter in the
AM channel.
The foregoing discussion and the accompanying
drawings are intended as illustrative, but are not to be
construed as lmmiting. Still other variations within the
spirit and scope of this invention will readily present
themselves to one skilled in the art.
What is claimed is:
1. A filter circuit for use with a VOR receiver which
provides a narrow bandpass in the 30 Hz AM channel
to reject interfering signals comprising;
an FM channel to amplify and phase detect an input
30 Hz FM signal; |

an AM channel to amplify and filter an input 30 Hz
AM signal wherein the filter is a synchronous
switched filter;

- a phase lock loop in the FM channel to maintain the
frequency of the FM channel locked to the fre-
quency of the FM input signal and to provide the
switching input signal to the synchronous switched
filter;

filter means after the synchronous switched filter to

recover the 30 Hz AM fundamental frequency.

2. The filter circuit of claim 1 wherein said phase
lock loop involves a time constant adapted in accor-
dance with the rate of frequency changes in said FM
reference signal to allow the FM channel of the re-
ceiver to track rapid changes in frequency of the FM
reference signal. |

3. The filter circuit of claim 1 wherein the synchro-
nous filter comprises:

a plurality of identical RC circuits;

switching means to connect each of the identical RC

circuits to the AM channel to operate as an RC
filter, wherein the switching frequency is # times
the FM signal frequency.

4. The filter circuit of claim 3 wherein the time con-
stant of the synchronous filter is 2 seconds.

S. The filter circuit of claim 4, wherein there are ten
identical RC circuits, each having a time constant of

0.2 seconds, and wherein the switching frequency is
300 Hz.
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